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Abstract Potassium fluorrichterite (KNaCaMg5Si8O22F2)

glass–ceramics were modified by either increasing the

concentration of calcium in the glass (GC5), or by the

addition of P2O5 to produce potassium fluorrichterite-

fluorapatite (GP2). The solubility of the stoichiometric

composition (GST), GC5 and GP2 were measured using

the standard test described in ISO 6872:1995 (Dental

Ceramics). Ion release profiles were determined for Si, Ca,

Mg, Na, K and P using inductively coupled plasma mass

spectrometry and fluoride ion (F-) concentration was

measured using an ion-selective electrode. The cytotoxicity

of all compositions was assessed using cultured rat osteo-

sarcoma cells (ROS, 17/2.8). Cell response was qualita-

tively assessed using scanning electron microscopy (SEM)

and quantitatively using the Alamar blue assay. GST was

the least soluble and also released the lowest concentration

of ions following immersion in water. Of the modified

compositions, GC5 demonstrated intermediate solubility

but the greatest ion release while GP2 exhibited the highest

solubility. This was most likely due to GC5 having the

greatest proportion of residual glass following crystallisa-

tion. The mass loss exhibited by GP2 may have been due in

part to the partial disintegration of the surface of specimens

during solubility testing. SEM demonstrated that all

compositions supported the growth of healthy ROS cells on

their surfaces, and this data was further supported by the

quantitative Alamar blue assay.

1 Introduction

Bioceramics are used widely in bone tissue reconstruction

and augmentation, although, the most common materials

are relatively brittle and unsuitable for load-bearing

applications. Calcium phosphates such as hydroxyapatite

(HA) remain the most popular osteoconductive bone sub-

stitute materials, but their poor mechanical properties limit

their use to particulate fillers, graft expanders and implant

coatings [1]. Bioactive glasses, such as 45S5 bioglass, have

the ability to encourage the formation of a HA layer in

vitro on their surface and exhibit good bone bonding

properties in vivo [2]. However, the mechanical properties

of all bioactive glasses are also inadequate for load-bearing

applications. Attempts have been made to address the poor

mechanical properties by instead developing relatively

tough glass–ceramics. Apatite-wollastonite (AW) glass–

ceramic has proved to be the most successful to date, with

good mechanical strength, toughness and stability in the

biological environment [3, 4]. However, manufacturing

AW devices requires a complex procedure based on pow-

der processing as it is unsuitable for casting due to surface

nucleation. There is therefore a demand for a tough,

osteoconductive glass–ceramic that could more easily be

processed to form complex or custom shapes for use as a

bone tissue substitute in reconstructive and plastic surgery.

Chain silicate glass–ceramics have the necessary

mechanical properties, but unmodified compositions are not

osteoconductive and have been reported to elicit a poor tissue

response after implantation [5]. Attempts to reduce solubility
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by modifying the relative concentrations of Na and K in the

composition have been similarly disappointing in terms of

bone tissue response [6]. While adjusting monovalent cations

(Na and K) was not effective, increasing the relative con-

centration of CaO and/or the addition of P2O5 to crystallize

apatite has been reported to improve the ostoconductive

potential of fluorocanasite glass–ceramics in vitro [7] and in

vivo [8], while retaining excellent mechanical properties [9].

Within the chain silicate family of glass ceramics, potassium

fluorrichterite (KNaCaMg5Si8O22F2) compositions are also

promising candidates as bone substitute materials. The

mechanical properties [10, 11] and phase evolution [12] of

compositions modified with the intention of improving bone

tissue response has been the subject of detailed study. They

have high flexural strengths (*250 MPa) and fracture

toughness (*2.7 MPam�) [11, 13, 14], bulk nucleate, and

have relatively low liquidus temperature which permits cast-

ing to net shape [11, 12]. X-ray diffraction (XRD) and trans-

mission electron microscopy (TEM) studies have confirmed

that GST is completely crystalline, with potassium fluor-

richterite being the only crystalline phase detected [11]. GC5

has one additional crystalline phase (Diopside) while GP2 also

contains fluorapatite, enstatite, tridymite and sodium potas-

sium magnesium silicate [11, 15]. The residual glass phase in

these compositions was estimated by TEM to be between 0

and 5% by volume [11].

While detailed knowledge of the phase evolution and

mechanical properties of these modified glass–ceramics

has been published, little is known regarding their bio-

compatibility. Recent research has shown that the modified

compositions reported here are capable of forming an

apatite layer on their surfaces following immersion in

simulated body fluid [16]. Prior to selection of composi-

tions for in vivo testing, however, it is necessary to

investigate other aspects of in vitro biocompatibility. The

aim of this study was to therefore investigate the solubility,

ion release and in vitro biocompatibility of modified

potassium fluorrichterite and potassium fluorrichterite-

fluorapatite glass–ceramics using cultured bone cells.

2 Materials and methods

2.1 Glass preparation

Three glass–ceramic compositions based on potassium

fluorrichterite (KNaCaMg5Si8O22F2) (KFR), were evalu-

ated in this study; stoichiometric (GST), GST with 5 mol%

CaO substituted for MgO (GC5) and GST with 2 mol%

P2O5 added (GP2). These compositions were originally

developed by Mirsaneh et al. [10] as members within

extended series that investigated the glass formability,

microstructure and mechanical properties of KFR based

glass ceramics. The glass batches were prepared using

silica (Loch Aline sand 99.5% SiO2) and reagent grade

chemicals (Fisher Scientific and Sigma-Aldrich). The

chemical compositions in mol% are listed in Table 1. The

glasses were melted in uncovered platinum (with 2% rho-

dium) crucibles at 1400�C for 3 h in an electric furnace,

and stirred for the final 2 h of the melt with a platinum

stirrer at 60 rpm. All compositions were cast as glass onto a

pre-heated steel plate, annealed in a muffle furnace

between 520–580�C and cooled to room temperature at

1�C/min. As-cast glass was core drilled (Sealey Power

Products, Sealey Group, Bury St. Edmunds, UK) using a

diamond core drill (HABIT core drill, 12 mm internal

diameter, 1 mm thickness, Abrasive Technology Ltd,

London, UK) to produce glass cylinders, which were cut

using a diamond blade (Diamond wafering blade 15 HC,

Buehler, USA) into discs. To crystallise the specimen, the

discs were heat treated for 4 h in a muffle furnace (Euro-

therm 818 Programmable Furnace, Lenton Thermal

Design, Hope Valley, Derbyshire, UK) rising at 5�C/min to

950�C for GST and 1000�C for GC5 and GP2 and cooled at

5�C/min to room temperature.

2.2 Solubility testing

Chemical solubility was determined using ISO 6872:1995

(Dental Ceramic Standard) [17]. Ten discs per composition

were fabricated to the required size (12 9 1.6 mm) using

silicon carbide grinding paper (Buehler-Met II, Buehler

UK Ltd, Coventry, UK) to a P600 grade finish, rinsed

thoroughly with distilled water, placed in a glass petri dish

and dried at 160 ± 5�C in a thermostatically controlled

oven for 4 h. Following which, they were cooled and

individually weighed to the nearest 0.1 mg on an electronic

balance (Mettler AJ100, Mettler Toledo Ltd, Leicester,

UK). The samples were handled with nylon tweezers at all

times to minimize contamination and damage to the

specimen. The samples were placed in the extraction

apparatus and were refluxed with 4% acetic acid solution at

the reflux rate of approximately 3 cycles per hour, for 16 h,

at 80�C. Following extraction, the samples were rinsed

with distilled water, dried and weighed to the closest

0.1 mg. The average mass difference divided by the sur-

face area of each disc gave the solubility value in lg/cm2.

The specimens were analysed before and after testing,

using scanning electron microscopy (SEM) (CamScan II,

Obducat CamScan Ltd, Cambridgeshire, UK).

2.3 Ion release

Discs (n = 4, 12 9 2 mm) of each composition were

immersed in 25 ml plastic cylindrical containers with a

conical base, filled with 20 ml of ultrapure water
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(Ultrapure water purification system, Millipore, Watford,

England) and sealed with a plastic screw top. Containers

containing only ultrapure water were used as control. All

specimen containers were placed in a water bath at 37�C

and readings were taken after 1, 7 and 28 days. Fluoride

ion release assessment was carried out using an ion-

selective electrode (Orion Research Inc, Cambridge, USA)

after the addition of TISAB II (Total Ionic Strength

Adjustment Buffer, Sigma-Aldrich, UK), which was used

as a decomplexing solution. The probe was calibrated

between 0.1 and 1 ppm or between 1 and 10 ppm, as

required, using the manufacturers standard solutions. The

concentration of the other ions (P, Si, Mg, Ca, Al, Na & K)

were measured at the same time points using inductively

coupled plasma-mass spectroscopy (ICP-MS).

2.4 Cell culture

Discs (n = 4, 12 9 2 mm) of each composition were tes-

ted along with 4 slip-cast hydroxyapatite discs (Ceramisys,

Sheffield, UK) used as reference materials. After thor-

oughly washing with distilled water and phosphate buf-

fered saline (PBS), the samples were autoclaved (121�C for

15 min at 15 psi pressure). Rat osteosarcoma cells (ROS

17/2.8, Merck) were used as these have been shown to be

good indicators for biocompatibility [18–20]. The cells

were seeded in a 24 well plate containing the test specimen

and control samples. The seeding density was

1.25 9 104 cells/ml with a total volume within each well

of 1 ml. A non-material control (cells only) was included

for comparison. After 72 h, the cellular response to the test

materials was assessed qualitatively (cell morphology,

adaptation, etc.) by SEM and quantitatively (measurement

of cellular respiratory rate) by Alamar Blue assay. Alamar

Blue (AB) is a water-soluble dye that has been used for

quantifying in vitro viability of various cells [21]. As it is

extremely stable, non-destructive and non toxic to the cells

it is considered superior to classical tests for cell viability

such as the MTT assay [17].

3 Results

3.1 Solubility

Solubility data for GST, GC5 and GP2 determined using

the ISO 6872:1995 standard test is given in Table 2. ISO

6872 is a test developed for dental ceramics but it may also

be used to predict dissolution in vivo. The stoichiometric

composition (GST) showed a low solubility (61.2 lg/cm2)

and SEM images taken post-solubility testing (Fig. 1b)

showed a largely intact surface with none of the morpho-

logical characteristics associated with surface dissolution.

There was, however, evidence of damage to the edges of

some specimens (Fig. 1c). Similar features have been

reported previously in the literature and are considered to

be a limitation of the current ISO test [22]. SEM images of

GC5 showed evidence of surface dissolution, which was

consistent with acidic degradation (Fig. 2). GP2, however,

showed a pattern of surface dissolution that appeared to

show shedding of particulate debris rather than dissolution

at the surface (Fig. 3).

Table 1 Composition in mol%

of the test compositions
CODE SiO2 Na2O K2O MgO CaF2 CaO P2O5

GST Stoichiometric 53.37 3.33 3.33 33.35 6.62 – –

GC5 5 mol% CaO subs. for MgO in GST 53.37 3.33 3.33 28.35 6.62 5 –

GP2 2 mol% P2O5 added to GST 52.26 3.26 3.26 32.66 6.56 – 2

Table 2 Solubility measured using ISO 6872:1995

Composition Solubility lg/cm2

GST 61.2

GC5 420.4

GP2 1232.7

Fig. 1 SEM micrographs showing (a) the surface of GST before solubility testing (b) following solubility testing and (c) showing ‘edge effects’
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3.2 Ion release

Ion release was determined over a period of approximately

1 month with measurements taken after 1, 7 and 28 days

(Table 3). Background measurements were subtracted and

all values were converted to l mol/mm2 to facilitate

comparison. In agreement with its low mass loss, the total

ion release from GST was also low with only Si

(20.69 ± 3.27 l mol/mm2) and Mg (12.92 ± 1.85 l mol/

mm2) detected after 28 days. The ion release from GP2

was greater than GST as expected due to its higher solu-

bility. Si (132.03 ± 28.6 l mol/mm2) and Mg (41.85 ±

8.96 l mol/mm2) were again present at the highest con-

centrations, and P (19.22 ± 7.97 l mol/mm2) was also

detected. The ion release profile from GC5 showed con-

centrations that were significantly greater than those seen

for GST or GP2. Si (371.85 ± 156.35 l mol/mm2) was the

highest concentration ion detected after 28 days with sig-

nificant proportions of K (162.33 ± 98.09 l mol/mm2), Na

(104.56 ± 64.21 l mol/mm2), and Ca (74.63 ± 32.1 l
mol/mm2) also observed.

3.3 Cell culture

After 72 h, all glass ceramics showed ROS cells in close

apposition to the surface (shown for GST in Fig. 4) and

similar in appearance as those detected on different

Fig. 2 SEM micrograph showing the surface of GC5 after solubility

testing
Fig. 3 SEM micrograph showing the surface of GP2 after solubility

testing

Table 3 Ionic release profiles

of GST, GP2 and GC5 over a

period of 28 days (all values in

l mol/mm2)

Composition Ion Day 1 Day 7 Day 28

(all values in l mol/mm2)

GST P 0 0 0.07 ± 0.1

Ca 0.31 ± 0.05 1.17 ± 0.2 2.8 ± 0.46

K 0.83 ± 0.16 1.56 ± 0.21 3.81 ± 2.03

Si 4.57 ± 0.94 9.65 ± 1.74 20.69 ± 3.27

Mg 2.01 ± 0.42 5.28 ± 0.84 12.92 ± 1.85

Na 0.62 ± 0.09 1.42 ± 0.27 2.75 ± 0.71

GC5 P 0.07 ± 0.07 0.07 ± 0.13 0.07 ± 0.1

Ca 3.56 ± 1.88 13.48 ± 5.49 74.63 ± 32.1

K 6.17 ± 4.64 32.54 ± 18.51 162.33 ± 98.09

Si 29.03 ± 20.69 105.97 ± 57.7 371.85 ± 156.35

Mg 1.34 ± 0.25 4.19 ± 0.42 15.94 ± 3.77

Na 4.35 ± 3.02 21.28 ± 11.97 104.56 ± 64.21

GP2 P 0.4 ± 0.2 2.24 ± 1.05 19.22 ± 7.97

Ca 0.56 ± 0.15 2.09 ± 0.61 5.49 ± 1.78

K 1.72 ± 0.26 4.43 ± 0.89 24.46 ± 8.66

Si 40.57 ± 5.88 60.75 ± 9.65 132.03 ± 28.6

Mg 3.35 ± 0.59 12.58 ± 2.43 41.85 ± 8.97

Na 0.89 ± 0.27 2.22 ± 0.53 10.91 ± 3.55
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biomaterials [18–20]. The number of cells, cellular mor-

phology and adaptation appeared similar for all test com-

positions. The Alamar blue assay performed in fresh media

following 72 h culture indicated that all test materials were

similarly biocompatible in vitro (Fig. 5) with similar levels

of respiratory activity suggesting similar cell numbers

(P \ 0.05) albeit lower than HA and the tissue culture

polystyrene reference wells (cell-only).

4 Discussion

The low degree of solubility demonstrated by GST is most

likely due to the highly crystalline microstructure with no

detectable residual glass [12], as the amount of residual

glass in a glass ceramic is generally proportional to its

solubility [22]. No published value exists for the level of

solubility that a glass ceramic should exhibit in order to be

viable as a bone substitute. When compared with the values

for dental ceramics published in the ISO standard [17],

GST exhibited solubility that would be equivalent of a

material suitable for use as a veneering ceramic for dental

crowns (\100 lg/cm2), while the solubility exhibited by

GC5 and GP2 would make them suitable as core ceramics

for dental crowns (\2000 lg/cm2). Given the strong

association of high solubility with poor biocompatibility in

many previous studies of glass ceramics, it seems reason-

able to suggest that these less soluble systems will perform

better in vivo [5, 6, 8].

Mass loss data for GP2 was influenced by the disag-

gregation of specimens under acidic test conditions with

the generation of particulate debris. This accounts for the

lack of correlation between mass loss and ion release,

which is a better indicator of the solubility of these glasses.

This was illustrated by SEM that showed evidence of

surface flaking during the solubility tests. GC5, which was

designed to have the greatest proportion of residual glass

[11], as predicted, showed the greatest ion release, con-

sistent with similar chain silicate glass ceramics.

Though, there were no demonstrable differences in cell

culture or respiratory activity between the test composi-

tions, neither was there evidence of cytotoxicity in any of

the materials tested. While the data here suggests that

modifying fluorrichterite compositions does not dramati-

cally alter in vitro biocompatibility, it is likely that dif-

ferences will be identified in vivo. Freeman et al.

demonstrated that the controlled crystallization of apatite in

an otherwise ‘bioinert’ glass composition was able to

impact bone bonding or osteoconductivity [23]. Therefore,

we believe that solubility of the residual glass phase and

introduction of a crystalline apatite phase are capable of

independently influencing both biocompatibility and os-

teoconductivity. Further in vivo studies are therefore

required to test this hypothesis.

5 Conclusions

GST and GC5 exhibited solubility and ion release profiles

that are consistent with similar chain silicate glass ceramic

materials. During solubility testing, these compositions

showed evidence of surface dissolution and some loss of

particulate debris from the edges. GP2 however, was prone

to flaking and loss of particulate matter over its entire

surface when subjected to standard accelerated solubility

testing. As a consequence, the mass lost appeared sub-

stantially greater than could be accounted for by ion

release. Overall, GST exhibited the lowest solubility

(61 lg/cm2) and ion release due to its high degree of

crystallinity. All elemental species present in the glass

ceramics were detected in solution, with Si at the high-

est relative concentration. Experimental compositions

appeared to show good in vitro biocompatibility as they

supported the growth of cultured ROS 17/2.8 cells on their

surfaces.

Fig. 4 Secondary electron SEM micrograph of ROS cells cultured

for 72 h on GST showing osteoblast-like cells in close apposition

Fig. 5 Alamar blue dye reduction assay after 72 h for GST, GC5,

GP2, HA and the non-material control (cell-only)

J Mater Sci: Mater Med (2011) 22:2065–2070 2069

123



Acknowledgments The authors would like to express their grati-

tude to Prof. John Nicholson and Dr. Kunle Awosanya, University of

Greenwich for their assistance with ICP-MS. They also acknowledge

Merck Inc. for their permission to use the ROS 17/2.8 cell line in in

vitro biocompatibility studies.

References

1. Brook IM, Lamb DJ. Correction of local alveolar defects by

implantation of hydroxyapatite: a preliminary study. Br Dent J.

1986;161(2):68–70.

2. Hench LL. The story of bioglass. J Mater Sci Mater Med. 2006;

17(11):967–78.

3. Yoshii S, et al. Strength of bonding between A-W glass–ceramic

and the surface of bone cortex. J Biomed Mater Res. 1988;22(3

Suppl):327–38.

4. Kokubo T, et al. Apatite and wollastonite containing glass-

ceramics for prosthetic applications. Bull Inst Chem Res Kyoto

Univ. 1982;60:260–8.

5. da Rocha Barros VM, et al. In vivo bone tissue response to a

canasite glass–ceramic. Biomaterials. 2002;23:2895–9000.

6. da Rocha Barros VM, Liporaci JL Jr, Rosa AL, Junqueira MC, de

Oliveira PT, Johnson A, van Noort R. Bone response to three

different chemical compositions of fluorocanasite glass-ceramic.

J Biomed Mater Res A. 2007;83(2):480–3.

7. Miller CA, et al. Formation of apatite layers on modified canasite

glass–ceramics in simulated body fluid. J Biomed Mater Res.

2002;59(3):473–80.

8. Bandyopadhyay-Ghosh SFP, Johnson A, Felipucci DN, Reaney

IM, Salata LA, Brook IM, Hatton PV. Osteoconductivity of

modified fluorocanasite glass–ceramics for bone tissue augmen-

tation and repair. J Biomed Mater Res A. 2010;94(3):760–8.

9. Denry IL, Holloway JA. Effect of crystallization heat treatment

on the microstructure and biaxial strength of fluorrichterite glass–

ceramics. J Biomed Mater Res B. 2007;80(2):454–9.

10. Denry IL, Holloway JA. Elastic constants, Vickers hardness, and

fracture toughness of fluorrichterite-based glass–ceramics. Dent

Mater. 2004;20(3):213–9.

11. Mirsaneh M, et al. Characterization of high-fracture toughness

K-fluorrichterite–fluorapatite glass–ceramics. J Amer Ceram Soc.

2004;87(2):240–6.

12. Mirsaneh M, et al. Effect of CaF2 and CaO substituted for MgO

on the phase evolution and mechanical properties of K-fluor-

richterite glass–ceramics. J Amer Ceram Soc. 2006;89(2):

587–95.

13. Beall GH and Meagles JE Jr. Potassium fluorrichterite glass

ceramics and method U.S. Patent, Editor. 1984: United States.

14. Beall GH. Chain silicate glass–ceramics. J Non-Cryst Solids.

1991;129:163–73.

15. Mirsaneh M. Characterization of K-fluorrichterite based glass–

ceramics for biomedical applications, in engineering materials.

Sheffield: University of Sheffield; 2005. p. 211.

16. Bhakta S, Pattanayak DK, Takadama H, Kokubo T, Miller CA,

Mirsaneh M, Reaney IM, Brook IM, van Noort R, Hatton PV.

Prediction of osteoconductive activity of modified potassium

fluorrichterite glass–ceramics by immersion in simulated body

fluid. J Mater Sci. 2010;21:2979–88.

17. ISO 6872:1995, Dental Ceramics, International Organization for

Standardisation, Geneva, Switzerland.

18. Devlin AJ, Hatton PV, Brook IM. Dependence of in vitro bio-

compatibility of ionomeric cements on ion release. J Mater Sci.

1998;9:737–41.

19. Wallace KE, Hill RG, Pembroke JT, Brown CJ, Hatton PV.

Influence of sodium oxide content on bioactive glass properties.

J Mater Sci. 1999;10:697–701.

20. Hurrell-Gillingham K, Reaney IM, Miller CA, Crawford A,

Hatton PV. Devitrification of ionomer glass and its effect on the

in vitro biocompatibility of glass ionomer cements. Biomaterials.

2003;24:3153–60.

21. Nakayama GR, Caton MC, Nova MP, Parandoosh Z. Assessment

of the Alamar blue assay for cellular growth and viability in vitro.

J Immunol Methods. 1997;204(2):205–8.

22. Stokes CW, Hand RJ, van Noort R. Investigation of the chemical

solubility of mixed alkali fluorocanasite forming glasses. J Non-

Cryst Solids. 2006;352:142–9.

23. Freeman CO, et al. Crystallization modifies osteoconductivity in

an apatite–mullite glass–ceramic. J Mater Sci. 2003;14:985–90.

2070 J Mater Sci: Mater Med (2011) 22:2065–2070

123


	In vitro biocompatibility of modified potassium fluorrichterite and potassium fluorrichterite-fluorapatite glass--ceramics
	Abstract
	Introduction
	Materials and methods
	Glass preparation
	Solubility testing
	Ion release
	Cell culture

	Results
	Solubility
	Ion release
	Cell culture

	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


